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Abstract: Interventional management of neuropathic pain (NP) is available to the many patients
who do not attain satisfactory outcomes with pharmacotherapy, but evidence supporting this is
sparse and fragmented. We attempted to summarize and critically appraise the existing data to
identify strategies that yield maximum benefit, orient clinicians, and identify areas that merit further
investigation. A two-round Delphi survey that involved pain clinic specialists with experience in
the research and management of NP was done over an ad hoc 26-item questionnaire prepared by
the authors. Consensus on each statement was defined as either at least 80% endorsement or rejec-
tion after the second round. Thirty-five and 29 panelists participated in the first and second round,
respectively. Consensus was reached in 20 out of 26 statements. There is sufficient basis to treat
postherpetic neuralgias and complex regional pain syndromes with progressive levels of invasive-
ness and failed back surgery syndrome with neuromodulation. Radiculopathies and localized NP
could be treated with peripheral blocks and neuromodulation, or pulsed radiofrequency. Non-ab-
lative radiofrequency and non-paresthetic neuromodulation are efficacious and better tolerated
than ablative and suprathreshold procedures. A graded approach, from least to most invasive in-
terventions has the potential to improve outcomes in many patients with common refractory NP
conditions. Preliminary promising data warrant further research on new indications, and technical
advances might enhance the safety and efficacy of current and future therapies.

Keywords: Neuralgia, Interventional Pain Management, Intractable Pain, Delphi Technique, Re-
view.

1. Introduction

Lesions or diseases of the somatosensory system can lead to increased pain sensitiv-
ity and spontaneous pain. A substantial portion of the population endures this neuro-
pathic pain (NP) [1] that is generally chronic, severe [2], very unpleasant and disabling [3-
5], and subsequently poses a considerable burden on the individual patients, healthcare
resources and society [5,6]. Unfortunately, NP disorders usually have a complex patho-
physiology with limited correspondence between etiology, underlying mechanisms, and
clinical manifestations [7,8]. This makes them difficult to manage [8], requiring specific
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treatment that involves a wide range of both pharmacological and interventional ap-
proaches [8-10].

Many patients on drug therapies only receive modest or no relief from their pain or
experience unbearable side effects [10-12]. In addition, there has been little progress in NP
pharmacotherapy during the last decade, which has not seen major innovations in the
body of related scientific evidence [11]. In this context, the use of invasive interventions
for NP is expanding [2,9,13]. However, the evidence supporting interventional treatments
for NP is still sparse, heterogeneous, and fragmented; and they have received much less
attention in evidence-based clinical practice guidelines than pharmacotherapies [14,15].
The last comprehensive international recommendations are almost 10 years old and of
limited applicability due to important shortcomings in the available data, such as consid-
erable gaps and inconsistencies [9,15]. Since then, several studies varying in quality have
reported on particular procedures and NP conditions, but in most cases the evidence pro-
vided was inconclusive [16].

Randomized controlled blind trials on interventional treatments are particularly hard
to conduct because of practical, technical, and ethical difficulties [9]. This may partially
explain why their efficacy and safety remain relatively unclear despite their therapeutic
potential [17]. Given the lack of high-quality evidence on which to base recommendations,
consensus statements can provide guidance to treating physicians to ground their prac-
tices and offer alternatives to patients enduring persisting pain [18]. To help optimize cur-
rent resources until new relevant developments emerge, the Spanish Pain Society (SED)
embraced an initiative to support and contextualize current therapeutic practices for NP,
in particular the use of off-label drug therapies and interventional procedures. As part of
these efforts, the SED NP Task Force involved pain experts throughout Spain in a Delphi
process to a) clarify, organize, and align opinions on the general efficacy of interventional
management of NP and the specific procedures and indications that yield the maximum
benefit, b) provide a framework for reducing empiricism and promoting its judicious use
by pain specialists, and c) identify promising strategies that merit further enquiry. The
results are the focus of this paper. A complementary Delphi survey on the role of off-label
pharmacological management NP was also carried out, but the results have been included
in a separate article that is also been submitted for publication.

2. Materials and Methods
2.1 The Delphi technique

This technique is frequently used in medical research as a survey method to gain
consensus [19]. It consists of a highly structured group interaction where members (called
panelists) usually interact via questionnaires and receive feedback through facilitators.
We followed some standards to strengthen the methodologic quality of this research, in-
cluding [20]:

e  the use of a reproducible procedure to select participants and a pre-specified defini-
tion of consensus (see below),

e afixed criterion to stop the process after the completion of the second round regard-
less of the level of consensus reached,

e and the inability to drop, add or combine items between both rounds by neither
study coordinators nor panelists.

To preserve anonymity and allow free expression of opinions, the panelists did not
physically meet, but were able to see and comment upon other participants’ responses
through the questionnaires of the second round. Since this study focused on therapeutical
decisions rather than nuanced definitions, a high level of agreement was fixed a priori to
recognize consensus on accepting (80% or higher endorsement) or rejecting (20% or lower
endorsement) the statements.

The questionnaire for the second round contained the same initial statements but was
personalized by incorporating the individual panelist’s ratings in the first round together
with the mean and median ratings of the entire panel for each item. The statements had


https://doi.org/10.20944/preprints202203.0339.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2022 d0i:10.20944/preprints202203.0339.v1

to be re-rated in the second round, either with the same rating as before or a modified
rating in consideration of those from the other participants. The completion of the first
round took about one month early in 2020. Then the study coordinators prepared the per-
sonalized questionnaires for the second round, which concluded six months after study
initiation. This term was longer than expected because it was disrupted by the coronavirus
pandemic, which might underlie panel attrition between both rounds (see the Results).

2.2 The questionnaire

Respondents” agreement was sought on whether particular procedures were appro-
priate for different NP conditions and the level of evidence supporting their use. For this
purpose, the study questionnaire presented a series of statements to be rated on 5-point
bipolar Likert scales of agreement (from O=strongly disagree to 4=strongly agree). The
study coordinators, who were members of the SED NP Task Force, used the available
scientific literature (PubMed, Google Scholar, Web of Science and Scopus) as well as their
personal research and clinical experience to develop it. This was done in two stages, gen-
eration, and consensus, in which candidate items were proposed and collated into a pre-
liminary draft that was subsequently narrowed down in a series of consecutive rounds to
reduce the number of items and agree on their final wording.

The final version (Table 1) included 26 items/statements divided into 4 sections (bot-
ulinum toxins, neuromodulation, radiofrequency, and infiltrations). Although some clin-
ical guidelines consider botulinum toxins (BT) as a drug therapy, we addressed them in
this survey because they must be administered by injections and in Spain it is only possi-
ble to use it after being prescribed under compassionate use in a hospital setting.

Table 1. Description of the Delphi survey statements.

A) Botulinum toxins

1.

There is evidence about the efficacy and safety of botulinum toxins (BT) and, despite being under compas-
sionate use, they are considered a third-line treatment by many NP guidelines.

Its use in combination with standard therapy is recommended in refractory patients.

The NNT is unknown and, given the small size of the studies, could be very low (lower than 2), although
some larger, methodologically sound studies report values higher than 7.

The BT is useful and efficacious in elderly patients with refractory NP.

BT seems to be less useful in patients with hypoesthesia and thermal sensory disorders, so theoretically
they are not good candidates for BT therapeutic assays.

Therapeutic doses can range from just a few to as many as 200 units and are primarily related to the size of
the painful area.

The evidence on the use of BT in perineural areas is very weak (case series), although we cannot rule out its
usefulness based on current publications. Therefore, embarking in rigorous studies to demonstrate the
safety and efficacy of this promising new therapeutic modality is warranted.

B) Neural blocks and infiltrations

8.
9.

10.
11.
12.
13.

Nerve blocks, or infiltrations, have level 2 evidence, grade B recommendation for the treatment of PHN.
The subcutaneous injections of BT/corticosteroids or the blockade of the stellate ganglion (facial herpes
without PHN) are first level therapies, whilst paravertebral or epidural blocks and nerve blocks with ster-
oids (for symptomatic relief) are second level therapies for PHN.

The recommendation is against the use of sympathetic blocks for PHN lesions.

Perineural corticosteroids reduce NP.

Sympathetic blocks with local anesthetics are not effective for CRPS.

Ilioinguinal and ilio-hypogastric blocks with local anesthetics and corticosteroids in combination can be
effective for the treatment of chronic post herniorrhaphy groin pain.

C) Radiofrequency

14.
15.
16.

PRF can be considered an efficacious alternative for the treatment of PHN.
Repeated, long duration therapies should be considered for PHN.
Early application of PRF reduces both herpes pain and the incidence of PHN.
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17. Conventional radiofrequency is more effective than PRF for idiopathic trigeminal neuralgia.
18. Thermal radiofrequency has similar results on the trigeminal ganglion than its peripheral branches.
19. Radiofrequency cannot be recommended for CRPS.

D) Neuromodulation
20. Dorsal column stimulation therapy (SCS) is indicated for FBSS and CRPS.
21. High frequency (HF10) is as efficacious as low frequency stimulation for FBSS.
22. DRG stimulation should be considered for radicular pain.
23. DRG stimulation would be indicated for localized NP.
24. Peripheral nerve stimulation may be used for postsurgical or posttraumatic peripheral NP.
25. Percutaneous electrical nerve stimulation is useful for chronic NP.
26. BURST stimulation can be as efficacious as tonic stimulation for the treatment of NP.

BT: botulinum toxin, CRPS: complex regional pain syndrome, DRG: dorsal root ganglion, FBSS: failed back surgery syndrome,
HEF: high frequency, NNT: number needed to treat, NP: neuropathic pain, PHN: postherpetic neuralgia, PRF: pulsed radiof-
requency, SCS: spinal cord stimulation.

2.3 Participants

A database of pain clinic specialists providing care for patients in pain run by the
SED was used to identify experts on NP research and management, which were ap-
proached by email with an invitation to participate in the Delphi survey study. In total,
103 candidates were contacted, of which 40 agreed to participate. Their identities were
kept confidential throughout the study. The study coordinators prepared a set of scientific
evidence that was circulated among participating panelists at least 4 weeks before the
commencement of the Delphi process. This set comprised full texts of relevant articles and
monographies, targeted reviews, extracts of published literature and results of pre-clinical
and clinical studies related to the present research. The panelists used these and other
available evidence besides their own clinical experience to answer the survey questions.

2.4 Ethical and legal aspects

The Clinical Research Ethics Committee of Bellvitge University Hospital in Barcelona
approved the final study protocol, and all panelists provided written informed. The Span-
ish laws for the protection of personal data were observed during the course of this re-
search.

3. Results

In total, 35 and 29 panelists participated in the first and second rounds, respectively.
The drop in participation is attributed to panel attrition between the two rounds. The con-
sensus was moderate in the first round, as the panelists only agreed on 13 of 26 statements
(50.0%). The sections on radiofrequency and infiltrations were the most controversial (see
Figure, Supplemental Digital Content 1). Consensus was higher in the second round, ex-
panding to 20 out of 26 statements (76.9%). Nonetheless, the infiltrations remained con-
tentious, as 3 out of 6 unsupported statements belonged to this section (see Figure, Sup-
plemental Digital Content 2). The consensus was always on accepting statements; none
were rejected unanimously (Figure 1 and Supplemental Digital Content 1 and 2).
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Figure 1. Agreement after 2 rounds on items related to interventional therapies for NP.
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3.1. Botulinum toxins

There was a swift consensus that evidence supports BT efficacy and safety and rec-
ommends them for refractory NP, even in elderly patients, either alone or as an adjunctive
therapy (Figure 1A, items 1, 2 and 4). In fact, the panelists acknowledged that some guide-
lines list them as third-line NP therapy despite it only being prescribed under compas-
sionate use in Spain. They also agreed that the doses for typical intradermal/subcutaneous
administration are highly variable, as they relate to the size of the target area and that, in
spite of weak evidence, perineural blocks with these agents might be effective for some
NP conditions (Figure 1A, items 6 and 7). Thus, further research into the later modality
may be pursued. The size of the effect was more contentious; it was not until the second
round that the panelists agreed it to be modest, accounting for large studies that showed
conflicting results with previous, smaller positive trials (Figure 14, item 3).

The consensus was not reached that BT are less effective in a subgroup of patients
with a particular sensory phenotype that feature hypoesthesia or thermal sensory disor-
ders (Figure 1A, item 5).

3.2 Infiltrations

There was much controversy in this area, as agreement was only achieved on 3 out
of 6 (50.0%) statements. Consensus was quickly achieved that there is substantive evi-
dence favoring the following points:

e that infiltrative blocks for postherpetic neuralgia (PHN) should be recommended in
clinical practices (Figure 1B, items 8),

e that perineural blocks with corticosteroids are effective for NP in general (Figure 1B,
11),

e and that first lumbar spinal (ilioinguinal and iliohypogastric) nerve blocks with local
anesthetics and corticosteroids in combination are effective to treat chronic postsur-
gical pain (CPSP) after hernia repair (Figure 1B, 13).

Although the trend was towards agreement, consensus was not reached on subcuta-
neous/intralesional injections of BT or corticosteroids and stellate ganglion blocks being
recommended first for PHN, followed by paravertebral or epidural blocks. There was also
no consensus on sympathetic blocks being used in general for this NP condition (Figure
1B, items 9 and 10). There was considerable disagreement, although consensus for rejec-
tion was not reached, that sympathetic blocks are ineffective for complex regional pain
syndromes (CRPS) (Figure 1B, item 12).

3.3 Radiofrequency

Consensus was reached in 4 out of 6 statements (66.7%), and it was in the second
round in all but one. The single item for which consensus was already attained in the first
round stated that pulsed radiofrequency (PRF) is an effective alternative to treat PHN
(Figure 1C, item 15). Already in the second round, panelists agreed that early application
of PRF reduces herpes pain and the incidence of PHN, and that the latter condition would
require repeated, long-lasting therapies (Figure 1C, items 16 and 17). Also in the second
round, consensus was reached that conventional radiofrequency is more effective than
PREF therapy for idiopathic trigeminal neuralgia (Figure 1C, item 18).

There was no agreement that radiofrequency is not indicated for CRPS, or that ra-
diofrequency thermoablation of either the trigeminal ganglion or the trigeminal branches
has similar effects (Figure 1C, items 19 and 20).

3.4 Neuromodulation

Consensus was reached in all items of this section (Figure 1D). Already from the first
round, panelists agreed that stimulation of the dorsal columns of the spinal cord is indi-
cated for treatment of failed back surgery syndrome (FBSS) and the CRPS (Figure 1D, item
20). They also unanimously saw the dorsal root ganglion (DRG) as an effective target for
stimulation to treat radicular pain as well as localized NP (Figure 1D, items 22 and 23).
Likewise, consensus that the stimulation of nerve fibers outside the neuroaxis (peripheral
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nerve stimulation) can be used for postsurgical or posttraumatic NP was swiftly reached
(Figure 1D, item 24).

Agreement on the stimulation modes was somewhat more problematic; just 60.0%
and 68.6% of panelists deemed in the first round that high frequency and burst patterns
are as efficacious as conventional tonic stimulation for FBSS or NP in general, respectively
(consensus was reached in the second round: Figure 1D, items 21 and 26). We also had to
wait until the second round to obtain consensus that the minimally invasive percutaneous
electrical nerve stimulation is helpful to treat chronic NP (Figure 1D, item 25). Other im-
portant conditions, such as painful diabetic neuropathy, PHN or spinal cord injury-asso-
ciated pain were not covered in this survey, as was the case with intracranial neurostim-
ulation.

4. Discussion

It is almost 10 years since the last comprehensive international guidelines for the in-
terventional management of NP were released. The data then reviewed had considerable
limitations and gaps; indeed, it was acknowledged that obtaining high quality evidence
in this area was particularly challenging due to the very nature of the interventions. How-
ever, clinical experience has continued to expand, new technical developments have
emerged, and several new studies providing low to moderate levels of evidence have been
published. Our objective was to provide an updated overview of all these issues by com-
bining previous and new evidence with the critical evaluation and experience of experts
within the formal structured framework provided by the Delphi process. Some salient
themes were that 1) subcutaneous and even perineural BT should be formally considered
in future guidelines as an add-on bridge treatment between pharmacotherapy and inva-
sive interventions, 2) neuroaxial, sympathetic and peripheral blocks may prove effective
(and should be attempted before resorting to more permanent interventions) for PHN,
CRPS, postherniorraphy groin pain and other indications that should be further investi-
gated, 3) (repeated) PRF can prevent and improve PHN and ameliorate CRPS, whilst the
traditional ablative gasserian procedure is best suited for trigeminal neuralgia (TN), and
4) for the most recalcitrant cases, stimulation, even if nonparesthetic, of dorsal columns
may be helpful for FBSS and CRPS, dorsal ganglia for radicular pain and more localized
NP conditions, and peripheral nerves for posttraumatic and postsurgical pain and other
potential peripheral indications. A more nuanced discussion on these issues follows.

The main, best-known mechanism of action of BT is the inhibition of the exocytosis
of acetylcholine from cholinergic nerve endings [21]. However, they may also reduce pain
by inhibiting the release of pain mediators from DRG and dorsal horn neurons (after ret-
rograde transportation), the translocation of transient receptor potential vanilloid 1 to cell
membranes and the trafficking of mechanosensitive channels in primary sensory neurons,
as well as by decreasing local inflammation around nerve terminals and sympathetic
transmission [21,22]. Indeed, they have been successfully tested in frequent peripheral NP
conditions [23-25] and even in spinal cord injury-related pain [26], and, as panelists
acknowledged, have been endorsed as third-line therapies by some guidelines [10] despite
the available studies generally being small and of low to moderate methodological quality
[10,23-26]. In consistence with published data [22], panelists also agreed that analgesic
doses are highly variable. There was controversy regarding the size of the effect of BT on
NP. The evidence is contradictory in this regard, since the considerable effects reported in
small studies [24] have not been corroborated by larger ones [10,27]. Small effect sizes
would justify them being recommended as add-on therapies, as panelists conceded, de-
spite little attention being given to this in the literature [28]. Consensus was not reached
on the existence of certain less responsive phenotypes including hypoesthesia and thermal
deficits. Only one high-quality study has suggested this [27]. In addition to the traditional
subcutaneous route, occasional assessments of the effects of perineural administration of
BT have yielded encouraging outcomes [29,30], which were acknowledged by the panel-
ists.


https://doi.org/10.20944/preprints202203.0339.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2022 d0i:10.20944/preprints202203.0339.v1

The interruption (block) of neural conduction by the injection of anesthetic, anti-in-
flammatory or neurolytic agents to treat pain has a long history [31], yet it is not devoid
of controversy. Although neurolytic procedures may have serious complications, such as
pain worsening or provocation of new pain syndromes, transient blocks would avoid
complications related to deafferentation but would have short-lived effects and require
repeated doses for prolonged pain relief [32]. Furthermore, although the effects of neural
blocks are of considerable magnitude and consistency, related evidence is scarce and of
low quality [33,34]. Both somatosensory and sympathetic blockades with local anesthetics
and/or corticosteroids in the acute or subacute phases of herpes zoster episodes have
proven to be effective in reducing the incidence of PHN [9,35]. The attenuation of central
sensitization secondary to repetitive pain signaling, as well as neural inflammation and
sympathetically mediated vasospasm may explain this incidence reduction when injec-
tions are administered in the paravertebral [36] or epidural spaces [35].

Less clear are the effects when these blocks are administered once PHN has devel-
oped. Although traditionally discouraged [9], paravertebral blocks are still considered a
therapeutic option for this condition despite the lack of evidence in their favor [34]. This
uncertain background could explain the varied responses of the panelists, who supported
their clinical use and did not discard sympathetic blockade for PHN but did not agree
with a proposed sequence of interventions that placed subcutaneous injections of BT
ahead of paravertebral or epidural blocks. The single intervention for which there is high-
quality (but conflicting) evidence, the intrathecal methylprednisolone injection [34], is a
fourth line treatment that was not addressed in this study. The panelists widely agreed
with the statement that perineural corticosteroids reduce NP. This statement is quite ge-
neric and does not differentiate between neuraxial and peripheral administration or be-
tween injections and continuous infusions. There is ample evidence supporting the use of
epidural corticosteroid injections for neuropathic spinal pain [37] and, to a lesser extent,
the use of perineural corticosteroid blocks for compression, traumatic or iatrogenic pe-
ripheral nerve injuries [38,39], and some specific prevalent conditions such as PHN [9,40]
or carpal tunnel syndrome [41]. Nevertheless, the quality of the evidence is generally low.
Other types of blocks, such as plexus blocks featuring steroids, have received attention
from a perioperative perspective or in the context of chronic non-NP. The certainty of the
response of the panelists could stimulate further methodologically sound studies in these
conditions or areas that have not been evaluated from a neuropathic perspective. Like-
wise, panelists clearly endorsed the effectiveness of ilioinguinal and iliohypogastric
blocks for the treatment of chronic postherniorrhaphy groin pain. There is evidence that
such blocks can reduce acute postoperative pain [42]. However, although these nerves are
thought to be involved in the pathogenesis of CPSP [43], it is unclear whether blocking
them is effective in the treatment of this form of NP [44], but panelists’ responses favored
it. On the contrary, the statement that sympathetic blocks are ineffective for CRPS was
almost unanimously rejected. Consistently, sympathetic blocks have been considered the
first line interventional treatment option for such syndromes and may be used to assess
the appropriateness of future, more permanent neurolytic or neuromodulatory proce-
dures [9,45].

Radiofrequency is a percutaneous procedure that is used to ablate or modulate neu-
ral structures using generally less invasive techniques than electrical neuromodulation. A
localized electromagnetic field is delivered from a catheter needle tip that produces vary-
ing degrees of thermo-denaturation lesioning and electrical stimulation of (neural) tissues
as the temperature increases and electrical fields that are produced around the tip of the
needle [46,47]. The thermal effects are due to molecular oscillation caused by the alternat-
ing electrical field, whilst the electric effects are thought to be mediated by disruption of
ion channels and transmembrane potentials that result in conditioning of sensitive affer-
ents, reducing their synaptic efficiency at their central relays [46,48]. Thermal lesioning
produces the destruction of neural tissue such that an effective cordotomy, rhizotomy or
neurotomy takes place. It was originally used to treat trigeminal neuralgia and spinal pain
(e.g.,) [49]. Following the initial thermoablative application, the discovery of the
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therapeutic potential of the electric effects themselves led to the development of PRF, in
which short bursts of radiofrequency energy are delivered separated by pauses to allow
heat to dissipate and thus avoid permanent lesioning of tissues [47].

The panelists quickly endorsed that PRF is effective for PHN in general, in agreement
with some studies that have shown its efficacy when applied over the DRG or intercostal
nerves from the cervical to lumbosacral areas [34,50]. The evidence about the effects on
postherpetic TN is, nevertheless, much smaller [51]. It was also agreed that early applica-
tion of PRF during the acute or subacute phases of herpes zoster could reduce pain and
incident neuralgia, as some authors have proposed [51-53]. In contrast, the panelists
acknowledged that PRF may be less effective for idiopathic TN, for which conventional
thermal radiofrequency lesioning is preferred [50,54,55]. However, the latter can cause
bothersome complications associated to neurolysis [55,56]. Selective lesioning of the tri-
geminal peripheral branches has been proposed to avoid such complications [57,58], yet
panelists did not agree on this strategy, even though the evidence in this respect is only
against pulsed, not thermo-ablative radiofrequency [59]. Combining pulsed and conven-
tional radiofrequency to reduce the thermal dose delivered has also been proposed to re-
duce complications [55]. Commonly, studies either had short follow-up periods or
showed considerable recurrence rates after 1 year [34,55,60]. Consistently, the panelists
reached consensus that repeated radiofrequency treatments should be considered for
PHN.

On the other hand, the use of radiofrequency for CRPS was controversial. Nearly half
of the panelists rejected the idea that it should not be used for these conditions. The con-
ceptualization of these syndromes as sympathetically maintained pains led to the consid-
eration of sympatholysis among the available therapeutic options [61]. However, there is
only sporadic evidence favoring the use of radiofrequency sympathectomy for CRPS and
concerns about relevant complications, like those described for neurolytic blocks, limit
their use [62-64]. PRF has been successfully used to avoid ablation-related complications,
but its effects appear to be short-lived [64].

Neuromodulation is the alteration of nerve activity by delivering electrical or phar-
maceutical agents directly to targeted sites of the body [65]. Due to its invasiveness, it is
currently recommended as a fourth-line NP treatment after failure of pharmacotherapy
and other interventional therapies [13]. It involves two types of treatments, electrical and
chemical [65]. The latter generally refers to intraspinal or intraventricular drug delivery
through implantable pumps, which are modalities of intrathecal drug delivery that were
not covered in this study. Electrical treatments, which have been the subject of renewed
interest in recent years [66], typically involve the delivery of highly modulated and struc-
tured electrical currents through electrodes placed around precise structures of the nerv-
ous system, commonly the dorsal columns of the spinal cord, the DRG, or particular
nerves outside the neuroaxis [18]. One of the first clinical electrical neuromodulation par-
adigms was based on replacing pain with more bearable paresthesia through the activa-
tion of low threshold large sensory fibers within the dorsal columns by low frequency
tonic suprathreshold currents that are known to reduce transmission of pain signals in the
dorsal horns via both segmental and supraspinal pathways [67]. The panelists’ views were
consistent with mounting evidence and agreed that this type of spinal cord stimulation
(SCS) is effective for CRPS and FBSS [18,68]. The success of newer stimulation strategies
involving the use of high frequency currents or burst delivery patterns to reduce pain
without causing paresthesia has widened the spectrum of putative mechanisms of action
and the indications of spinal cord stimulation [18,67,69].

However, in consonance with the more rudimentary understanding of these newer
modalities, the related items were more controversial as panelists did not gain consensus
until the second round. The relatively defined anatomical projections and the active role
that DRG have in pain processing and transmission has made them an attractive target
for electrical neuromodulation [18]. In recent years, some studies have shown that DRG
stimulation can be as effective or even more effective than SCS in several peripheral NP
conditions, particularly when they are unilateral, and areas of pain do not span more than
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2 dermatomes [70]. Unlike new SCS strategies and despite the evidence also being sparse,
the consensus on DRG stimulation to treat peripheral localized NP was already attained
in the first round [69]. Consensus was also immediate that this treatment should be con-
sidered for radicular pain, although the evidence on this topic is almost nonexistent. Given
the favorable opinions of the panelists on DRG stimulation and the absence of high-qual-
ity evidence in NP conditions other than CRPS, further high-level research in this area is
encouraged, as others have also pointed out [71]. Long-term complications associated
with lead migration and fracture should be addressed as well [72]. Direct electrical stim-
ulation of peripheral nerves was proposed to treat pain even before SCS, but its use stalled
in the past mainly due to its invasiveness [18]. Recent technological advances have al-
lowed less invasive methods of electrode placement, and several studies have evaluated
its application in several NP conditions [73]. Positive high evidence grade studies have
been reported in patients with peripheral NP secondary to trauma or surgery, postampu-
tation pain and lower back pain [73]. The panelists endorsed the use of peripheral nerve
stimulation for posttraumatic or postsurgical neuralgia already in the first round but re-
quired both rounds to achieve consensus in other applications.

The panelists had to focus on the set of statements contained in the survey, which
necessarily limits the spectrum of therapeutic alternatives evaluated. Although the con-
struction of the questionnaire was inclusive, dissenting opinions tend to be ruled out dur-
ing the item reduction phase for the sake of reaching a consensus [74]. This structural bias
may also affect the Delphi process itself, as feedback between rounds may prompt agree-
ment with choices that have a favored majority. Acquiescence biases can also affect re-
spondents’ opinions because endorsing statements is easier than rejecting them [75]. We
tried to minimize them by fixing the objectives, consensus criteria and number of rounds
ahead of time, and by barring item modification, deletion, addition or combination by
either study coordinators or panelists between both rounds [20]. Controversies have sur-
rounded interventional pain medicine because of unclear long-term benefits and the rela-
tive disregard of psychosocial pain components [76].

Nonetheless, undeniable benefits can derive when it is used within the context of a
comprehensive multidisciplinary approach [13,77]. Limitations in the available evidence
and therapeutic effects [9] make it hard to derive convincing conclusions even after ex-
perts have arrived at a wide consensus. Although we have identified and commented on
some interventions that are particularly suitable for specific indications, we cannot pro-
vide systematic guidance on which, how, and when they should be used for each partic-
ular condition.

5. Conclusions

This Delphi consensus and review suggest that a stepped approach to interventional
management of NP based on invasiveness is feasible. Blocks can precede more permanent
procedures, and non-paresthetic, non-neurolytic methods could attain good results while
avoiding some undesired effects of ablation. There is a fair basis to treat some conditions
such as PHN, CRPS, and FBSS, which account for much of the NP refractoriness, but high-
grade studies are still required to corroborate them. Scientific background and promising
results also warrant future research on peripheral blocks and neurostimulation, or PRF of
the DRG for localized conditions and radiculopathies. The development of new adaptive
and physiologically coherent electrical stimulation patterns may also be pursued.
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